This article aims to assess the sustainability of forestry in Spain at provincial scale from two points of view: first, a multidimensional perspective considering the three classical dimensions of sustainabilityenvironmental, economic and social -and, second, an integrative approach estimating a global index for forest sustainability. While the construction of such a global index is methodologically difficult and arguable, it could be very useful to land planners when drawing up and reviewing forestry and environmental policies. The global index of forest sustainability suggested in this study is calculated for the fifty Spanish provinces, based on a selection of twenty indicators. The majority of them (thirteen) relate to environmental dimension, four to economic dimension and three to social dimension. Numerous statistics and cartographic sources are used. A methodology is proposed based on grouping selected indicators according to three intermediate composite indicators and, subsequently, a global super-index. Cluster analysis establishes four different types of provinces according to their forest sustainability. According to the global sustainability index, part of the forests of the Mediterranean coast, those located near large inland cities and in southern Galicia appear to be less sustainable as a consequence of land artificialisation processes and forest fires. Conversely, Atlantic and Pyrenees forests, and those of the northern Plateau are more sustainable due to their relative success in keeping forest traditional uses and containing emerging threats.
Introduction
There is a widespread agreement in the specialised literature that despite their socio-economic and environmental importance, worldwide forests are under persistent and in many cases growing threats such as deforestation (FRA, 2010) , forest fires (Chuvieco et al., 2013) , fragmentation (Dantas de Paula et al., 2015) and the spread of invasive alien species (Lei et al., 2014) . Furthermore, although the pace of deforestation has slowed it is still alarming. The decade 2000-2010 has seen an annual loss of 5.2 million forest hectares worldwide. Net deforestation rate was 0.14% per annum between 2005 and 2010 (FRA, 2010 . Moreover, although there are many programs for reforestation of agricultural land, young plantations are not comparable to primary forests, both in ecological and biodiversity terms (FRA, 2010; Fonseca et al., 2011) .
Therefore, there is globally a growing concern about forest sustainability (FAO, 2014) and Spain is no exception. It is established that well-managed forests contribute positively to sustainable development and promote the mitigation of climate change effects and food security. In the framework of the European Union (EU), taking into account the trans-boundary nature threats and the absence of a common forestry policy, common action is required in line with the new EU Forest Strategy (European Commission, 2013) . However, despite the apparent interest in ensuring forest sustainability globally as well as in Europe and Spain, there are few research studies that quantify sustainability considering territorial demarcations related to managerial and policy decision-making. In Spain, to our knowledge this is the first study assessing the sustainability of forest systems at provincial scale.
Against this backdrop, the main objective of this article is to assess sustainability of forestry in Spain at province level using a panel of selected indicators. It proposes an operational methodology for calculating a global sustainability index at an intermediate level of analysis from the administrative and territorial point of views (province). In addition, it classifies provinces by their characteristics and their forest sustainability. It is intended that the suggested methodology (indicators, measuring scales, integration procedure) is applied in a standardised and regular fashion in the future to understand the spatial and temporal trends of forest sustainability in each province and each cluster of provinces.
The starting premises are that (1) Spain has an extensive and valuable forest estate which supports protected habitats and species at national, European and global level, (2) special effort should be made to preserve this heritage because it is very vulnerable and is subject to various environmental hazards (forest fires, soil erosion, climate change, land use change, among others), and (3) given the significant differences in the state of forestry in distinct provinces, it is convenient to study whether exists a geographic gradient that explains these differences.
Measuring sustainability: literature review
Since the concept of sustainable development was first used (WCED, 1987) , many studies on land sustainability have been published from different perspectives but always conceiving it as a desirable aim for balanced land development (Böhringer and Jochem, 2007; Blanchet, 2012; Mori and Christodoulou, 2012; Gerdessen and Pascucci, 2013, amongst others) . There are various systems of sustainability indicators that help to measure, to dynamically monitor sustainability and to make comparisons between different territories (OECD, 1998; Eurostat, 1999) . Many of the studies use a long list of indicators -from more than 30 (ITTO, 2003) to over 100 (MCPFE, 1998) . Some indicators are repeated, especially those included in standard international systems. Others differ from one study to another depending on their objective (Grainger, 2012) . There are also differences in the way they are expressed mathematically or calculated (Gerdessen and Pascucci, 2013) , or in the sources of information they use. There is no universally-accepted list of indicators (Mori and Christodoulou, 2012) , although general criteria have been given for selecting them depending on the way they relate to the concepts, definitions and dimensions of sustainability, as well as the opinion of experts and the availability of information on the corresponding unit of analysis (Rodrigues et al., 2010; Gerdessen and Pascucci, 2013) .
Moreover, a wide variety of approaches has been adopted (Grainger, 2012) . Some use quantitative (Rodrigues et al., 2010; Ojea et al., 2012) or qualitative indicators (Mather, 2001; FAO, 2002) , and some use static or dynamic indicators (Van Dijk and Zhang, 2005; Pan and Kao, 2009; Rodrigues et al., 2010) based on time series that make it possible to determine sustainability trends in specific territories (Hara et al., 2009 ). There are also topdown approaches led by managers as opposed to bottom-up systems in which civil society participation is essential. Other more recent approaches are based on methods known as KAF (Knowledge-Action-Framework, Grainger, 2012) or use a mini score card (Blanchet, 2012) that does not combine all the indices.
From the methodological point of view, previous studies have used various methods and models for analysing sustainability: principal component analysis (Morse and Fraser, 2005; Bastianoni et al., 2008) , cluster analysis (Bastianoni et al., 2008) , colorimetric maps and mosaics to give visual information to users (Martínez-Vega et al., 2009 ), economic models based on the principle of opportunity costs (Ang and Van Passel, 2010) , optimisation algorithms based on eco-efficiency models, multi-criteria and multi-attribute decisionmaking models to simulate future scenarios (Gerdessen and Pascucci, 2013) , and models based on linear programming (Van Calker et al., 2008) . There are increasing numbers of studies in which the analysis of sustainability and its indicators is linked to participation by the local population (Fraser et al., 2006) and consultation with experts (Van Dijk and Zhang, 2005) . Other authors mention the requirements that have to be taken into account for designing a composite (Böhringer and Jochem, 2007) or ideal sustainability index (Mori and Christodoulou, 2012) .
There is no consensus on the number of dimensions that explain sustainability. Many studies identify two main dimensions: environmental and economic (Van Passel et al., 2007) , economic and social (Van Calker et al., 2007) and, more broadly, environmental and socio-economic (Dantsis et al., 2010) . The most classic studies, as well as other more recent ones, identify three main dimensionsenvironmental, economic and social (Nijkamp, 1990; Gerdessen and Pascucci, 2013) . In some cases, a fourth institutional dimension is added (Van Dijk and Zhang, 2005) . Others claim that sustainability has five dimensions -ecological, environmental, economic, socio-cultural and managerial (Rodrigues et al., 2010) .
Regarding sustainability scales, many studies have examined sustainability on different territorial scales: national (Grainger, 2012) , regional (Gerdessen and Pascucci, 2013) , provincial (Hara et al., 2009) and local (Rodrigues et al., 2010; Ojea et al., 2012) . Obviously, each scale requires the use of different basic units of territorial information, from countries to farms or tree stands.
Data and methods
The study area considered in this contribution is Spain which has a total population of 46,464,053 inhabitants distributed over 505,968 km 2 . Population density is 92 inhabitants per km 2 . Administratively it is divided into 17 regions and 50 provinces ( Figure  1 ). The forest area 1 in Spain is the fourth largest in Europe, accounting for a total of almost 26 million hectares in 2006. 35% of that total (9.1 million hectares) has tree coverage. Spain has great biogeographical diversity. It is located in one of the 25 world hotspots, which are critical for biodiversity conservation (Myers et al., 2000) .
Among its forestry systems are forests of beech, fir, pine, oak and laurel. Its territory includes four biogeographic regions: Atlantic, Alpine, Mediterranean and Macaronesian (Rivas-Martínez et al., 1990) . Forest ecosystems located in the latter region are rare and unique in the EU. The most diverse forest ecosystems are the forests of the Cantabrian Mountains and Pyrenees, followed by those in the Iberian mountain range, the Central System, Sierra Morena and the pastures of Extremadura and Salamanca (Martínez-Vega et al., 2012) .
As a result of the rural exodus and other socioeconomic changes that have taken place since the 1960s, scrub has invaded abandoned farming land and former animal pastures. There has also been a process of increasing biomass in the natural parts of the peninsula's main mountain areas and the western peneplains (Stellmes et al., 2013) . This increase in biomass provides plenty of fuel for fires, and its geographical expansion increases the propagation of forest fires (Chuvieco et al., 2012) , as well as the socio-economic vulnerability (Román et al., 2013) and ecological vulnerability (Duguy et al., 2012) of forest ecosystems. In addition, important changes are expected in the spatial distribution of forests in Spain as a result of the on-going abandonment of farming land and of pasturelands, the invasion of scrub and the densification of forests (Stellmes et al., 2013) .
Spanish mountains are constantly threatened. The main threats are the consequence of: (a) the geographical location of Spain in a vulnerable transition area between the Mediterranean temperate climate, with recurring temperature and precipitation imbalances (de Luis et al., 2010) , and arid sub-desert climates, (b) natural risks (lightning, pests), (c) the risk of forest fires (Chuvieco et al., 2012) and the high vulnerability of land to fire (Chuvieco et al., 2013; Román et al., 2013) , (d) the long time for natural recovery of vegetation after severe forest fires (Rodrigues et al., 2014) , (e) changes in land use (Lasanta and Vicente-Serrano, 2012; Stellmes et al., 2013; Martínez-Fernández et al., 2015) , (f) the scenarios to be expected from climate change (García-Ruiz et al., 2011) and changes in land use and their relation to the risk of forest fires and the capture of CO 2 by forests (Colombo et al., 2012; Ruiz-Benito et al., 2014) , (g) pressure from urban development (h) recreational pressure (i) the marked and constant de-population of large rural area of inland Spain.
Indicator selection
Taking the specialised literature and international and European sustainability indicator systems (Costanza et al., 1997; Spangenberg, 1998; European Commission, 2006; Pintus and Giraud, 2009; FOREST EUROPE-UNECE-FAO, 2011; Rametsteiner et al., 2011; Pülzl et al., 2012) , the different forest sustainability indicators were reviewed and 28 were pre-selected. Special attention has been paid in this stage to reduce as far as possible arbitrariness in the selection. In addition, numerous experts in the field have been consulted (stakeholders and scientists from different disciplines)
2 . It should be pointed out that however theoretically relevant are certain indicators they cannot be used in a practical case study if data are not available at the required spatial and temporal resolution. They also are hardly comparable if there is no agreement on the desirable trend or target value (TV) to be reached.
Subsequently, 20 indicators that summarise 96 variables were selected to measure forest sustainability in Spain (Appendix 1). Each of them was classified and related to the dimensions, sectors and factors of forest sustainability. Most of the indicators (65%) are linked to the environmental dimension and provide information on the pressure (P), status (S) or response (R) of different sectors (forests, landscape, biodiversity and climate change) and factors behind it (forest resources, damage, conservation measures, landscape diversity, protected areas, air quality and erosion). Some indicators (20%) provide very relevant information on the economic function of Spanish forest areas, not only the productive functions but also recreational functions and environmental services. Finally, a few social indicators (15%) were selected to provide information on aspects of rural development.
3.2.Data collection
A wide range of sources of information were used. Wherever possible, priority was placed on cartographic sources for calculating the indicators because these are considered more reliable and precise. The cartographic series used included CORINE-Land Cover for the years 2000 and 2006, the Spanish forest map and inventory, the map of erosion, the National Atlas of Spain, data bases on forest fires (2006 to 2010) from the Ministry of the Environment, corporate GIS data such as those from EUROPARC-España (http://opengis.uab.es/wms/europarc/, last accessed December 16 th 2015), and cartographic data from research projects related to the topics analysed (FIREGLOBE -http://www.geogra.uah.es/fireglobe/index.php/ctmenu-item-35, last accessed December 16 th 2015-, FUME -http://fumeproject.uclm.es/-last accessed December16 th 2015). In addition, statistics from various censuses (population, farming) and company directories were used.
3.3.Data analysis and statistical methods
Statistical and spatial analyses were performed by means of SPSS v22 and ARC-GIS v10, respectively. The original data were transformed (TfV, transformed values) in line with the method proposed for calculating each indicator, and are expressed in the corresponding unit of measurement (Appendix 1). In some cases, the raw data were related to surface units to make them comparable and to establish a ranking of provinces. The FOR_CS indicator relates the total volume of CO 2 captured by forests in each province with its forest surface area in order to express the indicator in tonnes/ha. Similarly, the FOR_FA_tree_cap indicator expresses the tree-covered surface in each province per inhabitant
In the four indicators that amount to a threat for environmental (FOR_BAI, CGC_GEI_TOT, CGC_ERO) and social (AGR_SF) sustainability, the original values for the indicators were reversed, deducting them from 100 (better sustainability), in order to be able to add them to the other indicators that measure the environmental and social sustainability of each province. This operation was not necessary for calculating economic sustainability because the desirable trends in all indicators move in an upward direction. Following the recommendations of Morse and Fraser (2005) and in order to standardise the data and achieve normalised values (NV), the TfV were divided by a target value (TV) for each indicator, this being the desirable minimum value in the context of sustainability (Maes et al., 2011) , so that:
(1) i = 1...50 provinces Appendices 2 to 4 give detailed information on how the target values for each indicator were obtained. In some cases, the forecasts and targets set in territorial strategies or sector plans (Spanish Forestry Plan, 2002 -2032 were taken into account. Regarding environmental indicators for which no clear references were found in the scientific literature, the legislation or sector plans, the maximum value possible was set as the ideal value (100), which was considered feasible though difficult to achieve. However, for the economic indicators for which there are no clear, widely accepted references, the distribution of frequency of values for each province was taken into account, and the target value was set at percentile 85. For the HA_GDP indicator, designed as an index based on 100, the target value is 100. The aim pursued is at least to maintain the income level of the population. Finally, in the absence of binding legal or bibliographical references, the target values of the social indicators were set at the mean (AGR_NFE) or at percentile 80 (AGR_SF, AGR_ASE). The target values were altered considering, in each case, that they represent minimum values to be achieved, depending on the distribution of the indicators' current values.
In some cases (indicators FOR_AR, LAND_SDI, BIO_TPA and BIO_RN2000), data is missing for some insular provinces of Spain. When integrating the environmental indicators, the intermediate index for forestry environmental sustainability (FOR_ESI) did not consider these missing values. The reflections made in previous studies (Morse and Fraser, 2005 ) that criticise the estimation of "no data" using logistic regression to calculate the environmental sustainability index (ESI) were taken into account because they lead to bias in calculations.
When the indicators were integrated, a decision on whether or not to apply weights to the different indicators and to the intermediate indices was necessary. Some are considered by international systems of sustainability indicators to have priority. As shown in the fourth column of Appendix 1, 14 indicators take priority while six are considered complementary. Morse and Fraser (2005) explain the assignation of different weights to each of the five components of the ESI depending on the number of indicators each of them contains.
However, Böhringer and Jochem (2007) indicate that the processes of assigning weights are very arbitrary. In the end and in view of this controversy, different weights were not assigned to the indicators or to the intermediate indices, in spite of their unequal relevance and priority. It was preferred to make no distinction and to consider all the indicators and intermediate indices equally.
In the next stage, the normalised indicators were included in intermediate indices, relating each of them with one dimension of forest sustainability. Our purpose was to obtain one index for environmental sustainability (FOR_ESI), another for economic sustainability (FOR_ECOSI) and another for social sustainability (FOR_SSI), for each of the Spanish provinces. The average value of all the indicators for each dimension (environmental, economic and social) was calculated using the following equations:
By way of example, in FOR_ESI i the values of the 13 environmental indicators listed in Appendix 1 are considered, from the ratio of forest area to total surface area (FOR_FA) to the percentage of area affected by high rates of erosion related to the erodible surface area (CGC_ERO), in each of the Spanish provinces, i.e. from province 1 (Coruña) to province 50 (SC Tenerife).
The values obtained for the environmental, economic and social indices for the forest sector in each province were transformed into Z units in order to harmonise their measurements. This was done using the following equation:
Where are original values, the mean of the series and ̂ the standard deviation of the series. indicate how many units each province is away from the general mean.
In the next stage, the global forest sustainability index (FOR_GSI) was calculated as a simple average of the above sector indices relating to each of the dimensions of sustainability.
And an adjusted average value was calculated for this global forest sustainability index in Z units.
In addition, a matrix of correlations was calculated in order to carry out a relational analysis between the indicators comprising each index and the three sector indices for sustainability that make up FOR_GSI.
Subsequently, a k-means cluster analysis on the standardised variables was performed in order to classify the Spanish provinces studied in homogeneous groups, in line with their environmental, economic and social characteristics.
In the last stage, the location of the cases studied (50 provinces) was shown graphically to compare their relative positions regarding sustainability, both sectorial and global. Some studies (Nijkamp, 1990) indicate conceptually the advisability of representing sustainability on a triangle, as this figure suits its three dimensions, or on a prism, if the fourth institutional dimension is considered (Spangenberg, 1998) . Triangular diagrams are used to represent a constant amount divided by three variable elements. Each point on an equilateral triangle is determined by three coordinates. However, a triangular diagram has several drawbacks, including the difficulty of measuring the values of the points, because the axes are not orthogonal. In addition, in our case, from a methodological point of view, a triangular diagram is neither to be recommended nor feasible because the values of the social, economic and environmental dimensions do not complement each other (Martínez-Vega et al., 2009) , which is an essential condition for triangular diagrams.
In order to avoid these drawbacks, a cube was used as an alternative method for representing the global sustainability of the provinces studied. The values of the Z_FOR_ECOSI, Z_FOR_ESI and Z_FOR_SSI indices are represented, respectively on the x, y, z axes of the cube, duly scaled. This type of graphic representation can be easily interpreted by end users (managers, other stakeholders and the general public). The higher the centroid of a province on the cube, the further to the right and the front, the greater is its global sustainability. This figure also shows the four clusters of provinces, differentiated by colour.
In addition, the spatial distribution of the four groups of provinces, differentiated by cluster analysis according to their forest sustainability, was represented cartographically using a choropleth map. This is a simple method that is easy to interpret by end users and decision-makers. Other cartographic techniques, such as krigging (Martínez-Vega et al., 2009) , were avoided because the province data are very heterogeneous and the possibility of continuing with such units is unclear.
Moreover, as mentioned before, in the process of data integration into a synthetic index, no weights have been assigned to indicators and dimensions (Böhringer and Jochem, 2007) . To assess the influence of this decision on the results, we have compared the values of global sustainability index with those obtained if different weights are applied to indicators (greater weight to the priority indicators) and dimensions (proportional weight according to the number of indicators of each dimension), as suggested by Morse and Fraser (2005) 
Results
As stated above, Spain has a valuable forest heritage. 52.62% of Spain's surface area is covered by forest. This area has captured about 417.5 million tonnes of CO 2 , helping to improve air quality. The tree-covered surface area also produces 60 m 3 /ha of tree biomass. Economically, Spanish woodland has a strategic role to play. It provides annual averages of 385,000, 163,000 and 412,000 € per km 2 through its productive, recreational and environmental services respectively.
Appendices 2 to 4 give additional details on the results of all the selected indicators for the 50 Spanish provinces. Table 1 shows in summarised form the extreme values (the worst and the best) for each indicator together with the target value, in line with territorial policies and strategies, both national and European, and sector policies. As can be seen some of the targets have already been reached by Spain as a whole and by many Spanish provinces. For example, the target value for growth of GDP per capita (HA_GDP indicator) has been exceeded by the country as a whole and all provinces. For other indicators (e.g. FOR_CS indicator), the target value is close to be achieved by the whole Spain. The Spanish Forest Plan (2002-2032) sets a storage target for Spanish forests of 477.5 million tonnes of carbon by 2032. This amount is justified by the expected reforestation of 3.8 million hectares and the improvement of forest management. It represents an average carbon storage of 16.02 tonnes per hectare of forest area. Currently, more than half of the Spanish provinces far exceed this target value. In some cases, such targets are not met because of the size of the threats. The above-mentioned forest plan provides for the burning of a maximum of 0.2% of the national forest area by 2032. According to the data series for 2006-2010, 31 provinces met this target, many of them along the Mediterranean coast. During the same period, forest fires affected an annual average of 0.36% of the national forest area. The worst situation is seen in certain provinces in Galicia. 3.16% of the forest area of Pontevedra has been burnt annually. Table 2 summarises the values reached in each province in the environmental, economic, social and global sustainability indices as well as in the cluster to which each province belongs. Today, 2% of Spanish provinces are above the desirable minimum value for environmental sustainability. 30% of provinces exceed desirable minimum value for economic sustainability, 10% for social sustainability and 2% for global sustainability.
Map A (Appendix 5) shows the values for the environmental sustainability index of forestry (FOR_ESI) by province. Provinces in the south-east of Spain, the most arid part, are the ones with the worst figures, together with the Las Palmas de Gran Canaria, Coruña and Pontevedra, because of tourism and urban development pressure, the competition from intensive fruit and vegetable farming and forest fires. Such activities have transformed and consumed great expanses of natural land and exert pressure on woodlands, endangering their conservation. On the other hand, the extensive and well-kept Mediterranean woodlands in the provinces of Iberian Mountains, the Pyrenees and the northern plateau are the most environmentally sustainable. They are used for traditional forestry purposes Map B (Appendix 5) represents the economic sustainability index for forestry (FOR_ECOSI) by province. The high values for the production function of the Cantabrian and Atlantic woodlands in northern Spain explain the good values for this index in the northern provinces. The influence of climate may explain the difference in economic performance of the mountains of Orense located in a transition zone between the Mediterranean and Atlantic biogeographic regions, and of those of Pontevedra. Zamora and Salamanca owe their good position in the ranking to balance among all the functions of their woodlands. A paradigmatic example is the province of Las Palmas in the Canaries that bases its good classification on the high value obtained by the recreational function of its woodlands. Map C (Appendix 5) shows the social sustainability index for forestry (FOR_SSI) on a provincial scale. The number of jobs provided by companies in the primary sector and economic diversification explain the good results of the better classified provinces. Figure 2 shows a choropleth map expressing the global sustainability index for Spanish forestry (Z_FOR_GSI) by province. Visually, there is a marked difference between provinces along the Mediterranean together with the two southern provinces of Galicia and the centre-north of Spain plus Huelva, the provinces that contain the most sustainable forestry. As mentioned above, the general conservation situation of the Spanish forest is not optimum. Results indicate a certain spatial gradient. Forest areas of the Mediterranean provinces are threatened by competition from other land uses more profitable. Economic growth in these provinces is based on other non-forest activities. The forests of the southern provinces of Galicia are continually threatened by wildfires. In contrast, the most sustainable provinces (central and northern Spain) build much of their local economies on traditional uses of mountains Regarding the inter-relation of the sector indicators included in the global forestry index (FOR_GSI), there can be said to be relatively little correlation between them. The Pearson correlation index is close to 0 in most cases (Table 3) . The FOR_ECOSI and FOR_SSI indices are inversely correlated. The dimension that is most closely correlated to the global sustainability index is the economic index (0.68) and the one that is least closely correlated is the social dimension (0.16).
Hierarchical clustering of the three standard sectorial indices gave four groups of provinces at the level of four iterations (Table 4) Map D (Appendix 5) shows the geographical distribution of the provinces that belong to each group. The provinces in group 1 have the worst values for environmental and economic sustainability and a low social sustainability. The provinces in group 2 reach the best levels for environmental sustainability, average values for social sustainability but have bad values for economic sustainability. Group 3 covers the provinces that have poor values for environmental and economic sustainability and moderate values for social sustainability. Finally, group 4 covers the Atlantic and Cantabrian provinces together with Zamora and Salamanca, which have the highest values for economic sustainability, medium-low values for environmental sustainability and the worst data for social sustainability Figure 3 shows the 50 Spanish provinces in a cube, grouped by their clusters and the values of each of the indices for environmental, economic and social sustainability. This shows that no Spanish province is on the right, front and top part of the cube, which is where the most sustainable provinces in all dimensions would be located. Therefore, the analysis shows that, overall, despite their strategic importance Spanish forests still are quite far from values for minimum desirable sustainability levels
In general, the differences between both weighting methods applied are small in terms of results (Appendix 6). For instance, the unweighted global sustainability index of Spain reaches a value of -0.1561 versus -0.2677 if both the indicators and dimensions are weighted, and -0.2745 when only the dimensions are weighted. Taking into account the ranking of forest sustainability indicators using weights in indicators and dimensions or in dimensions, only 6% of Spanish provinces are in the same position as they do in the ranking without weights. Furthermore, taking into consideration the position with a margin of variation of +/-5 positions, coincidences rise to 60% of provinces.
Table 3
Pearson correlation indices between the sector indices and the global forest sustainability index 
Discussion
Despite the persistence of a major scientific debate and the lack of agreement, from a methodological point of view this work has considered three dimensions of sustainability (Nijkamp, 1990; Gerdessen and Pascucci, 2013) in order to follow the conventional approach, and because its graphic representation is relatively simple and understandable by managers. Also, the relationship between the value of each indicator and a target value (Maes et al., 2011) and the standardisation of data facilitate the development of a ranking allowing to compare the results between provinces and to establish time trends. In addition, the weighting methods used could be considered close to the geographic reality taking into consideration the imbalance in the number of indicators of each sustainability dimension and their respective priority level.
There is also controversy about the desirability of using, for each indicator, a common TV for Spain or, alternatively, a dynamic and different TV adapted to the peculiarities of each province. A priori, this idea is suggestive. However, its implementation prevents the comparison of results by province and with the national average. In addition, not always objective values adapted to the specificities of each province can be found.
In any case, it is necessary to emphasise the desirability of transferring research results to end users and managers in order to facilitate the process of decision making (Mori and Christodoulou, 2012) , and the design of policies tailored to the peculiarities of each territory. The present work has tried to involve the end-users to ensure the social utility of the results. However, this goal is not easy to achieve due to power decentralisation and sometimes the lack of coordination between forest planning and management, on the one hand, and sustainable development, on the other hand
Conclusions
Despite the relevance and topicality of sustainable forestry at regional level, very few studies have been conducted in this area in Spain and in Europe. The results show significant differences in forestry sustainability between different groups of provinces: the northern provinces of Spain versus provinces of south-eastern Spain. The methodology proposed provides a set of results (indicators, matrixes, maps and graphs) forming a useful diagnostic tool for facilitating decisions by the managers of forest ecosystems and the Protected Areas inside them. The proposed system of indicators also provides a point of reference and information that may be of use to policymakers when designing or adjusting socio-economic policies linked to forests and the protection of nature and of biodiversity. For instance, it facilitates the coordination of a national forestry policy in Spain. It could also orientate regional forest policies encouraging differentiated interventions in specific provinces owing to their singularities and the existence of territorial boundaries with administrative competence at that level.
Data standardisation makes it easier to compare different geographical areas. The methodology is explained in as much detail as possible so that it can be replicated (with necessary adaptations) in other studies, especially in the Mediterranean basin countries as well as in other geographic areas presenting similar forest characteristics.
There are, however, still a number of methodological caveats that need to be explored and resolved in future research. The controversy about the advantages and disadvantages of using a complex versus a simple or un-integrated set of indicators is still open. Similarly, the debate concerning the convenience to integrate indices with or without weights remains open. It would be important to accept the challenge of giving continuity to the approach presented here, for example by building a time series data. It would thus be possible to analyse forest sustainability in a dynamic way over time and adapt forestry policy and management according to the results achieved.
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